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What is claimed is: 
1 \ 1. An integrated circuit structure comprising: 
a plastic substrate; 

a layer of silicon diox de or silicon nitride having a thickness such that little 
or no differential strain betwean the substrate and said layer occurs in the normal 



1 

2 



operating temperature range 
an antenna conductor 
said substrate and having twc 
where electrical connection to 
an RFID tag or smart 



of said integrated circuit; 

which is bonded onto, integrated onto or printed onto 
conductive pads or other conductive terminal areas 
said antenna may be made; 

card transceiver integrated circuit integrated on said 
substrate so as to have RF input/output terminals which are electrically coupled to 
said terminal areas of said anienna. 



cture comprising: 



''2- An integrated circuit stri 
\ a plastic substrate; 

a layer of silicon dioxide or silicon nitride having a thickness such that little 
or no differential strain between the substrate and said layer occurs in the normal 

of said integrated circuit; 

card transceiver integrated circuit integrated on said 
of silicon dioxide or silicon nitride so as to have RF 
having a layer of insulating material formed over said 



operating temperature range 
an RFID tag or smart 
substrate on top of said layer 
input/output terminals, and 
integrated circuit; 

an antenna conductor 
said insulating layer coverinc 
connection with said RF in 



3.^ An integrated circuit si; 
a first plastic or gl 



which is bonded onto, integrated onto or printed onto 
said integrated circuit so as to make electrical 
ut/output terminals. 



ucture comprising: 
or plastic laminated to glass substrate; 
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3 a layer of siliconr dioxide or silicon nitride having a thickness such that little 

4 or no differential strainr between the substrate and said layer occurs in the normal 
i operating temperatup range of said integrated circuit; 

6*" l^h ^ an antenna Conductor which is bonded onto, integrated onto or printed onto 

7 said substrate andf having two conductive pads or other conductive terminal areas 

8 where electrical donnection to said antenna may be made; 

g an RFID/tag or smart card transceiver integrated circuit integrated as one of a 

1 0 very large number of said integrated circuits on a large second plastic or glass 

1 1 substrate using flat panel display manufacturing equipment, said integrated circuit 

1 2 being cut from said second plastic or glass substrate and bonded or otherwised 

1 3 attached to ^aid first plastic substrate and having RF input/output terminals; and 
1 4 wir/s connected in any way between said RF input/output terminals of said 

1 5 integratea circuit and said terminal areas of said antenna. 

^ 1 \^ A process of making a large number of inti^rated circuits on a large plastic or 

S 2 glass or plastic laminated to glass substrate comprising: 
m / 

3 selecting a plastic or glass or plasti^/ laminated to glass substrate having a 

B 4 large size which is compatible with the substrate size capacity of flat panel display 

r 5 manufacturing machines to be used to dj^Xhe subsequent deposition, photolithography, 

6 etching and laser crystallization and annealing steps necessary to form an integrated 

7 circuit thereon; ^ / 

8 depositing a layer of instrlating material which has a thickness and Young's 

9 Modulus which are selected in light^of the thickness and Young's Modulus of said 

I 0 substrate so as to reduce differential strain at anticipated operating temperatures so 

II as to eliminate or reduce reliability problems using processing steps performed at 

1 2 temperatures or in a manner vynich will not exceed the glass transition temperature 

1 3 of said substrate and using cl/emicals which will not chemically attack or otherwise 

1 4 damage said substrate; 

1 5 forming an antenna yCvith one or more terminals on said layer of insulating 

1 6 material using processing ysteps performed at temperatures or in a manner which 
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will not exceed the glass transition temperature of said substrate and using 
chemicals which will not chemically attack or othenwise damage said substrate; 
using flat panel display manufac 



glass or plastic laminated to glass substrate having 



jturing machines to deposit a layer of 
insulating material over said antenna and to do the insulation, metal and 
semiconductor deposition steps, and th() photolighography, etching and pulsed laser 
crystallization and annealing steps necessary to form an integrated circuit of a 
desired functionality directly on said s jbstrate so as to RF input/output terminals in 
electrical contact with said one or mor» antenna terminals, all said processing steps 
performed at temperatures or in a manner which will not exceed the glass transition 
temperature of said substrate and usirng chemicals which will not chemically attack 
or otherwise damage said substrate. 

A process of making a laijgjfel number of integrated circuits on a large substrate 
comprising: 

selecting a first plastic or 
a large size which is compatible with the substrate size capacity of flat panel display 
manufacturing machines to be used to do the subsequent deposition, photolithography, 
etching steps needed to form an antenna or compatible with the substrate size 
capacity that can be processed by ja silk screen printer to print an antenna; 

depositing a layer of insulating material which has a thickness and Young's 
Modulus which are selected in light of the thickness and Young's Modulus of said 
substrate so as to reduce differential strain at anticipated operating temperatures so 
as to eliminate or reduce reliability problems using a process which will not melt, 
warp, deform, chemically attacJ or otherwise damage said first substrate; 

using a flat panel display manufacturing machine or silk screen printer to 
form a plurality of antennas at a plurality of locations on said first substrate with 
one or more terminals on said layer of insulating material using deposition, 
photolithography, etching or printing processes which will not melt, warp, deform, 
chemically attack or otherwise damage said first substrate; 

dicing said first substrate up into many individual substrates, each with its 
own antenna formed thereon; 
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selecting a second plastic cjr glass or plastic laminated to glass substrate 
having a large size which is compatible with the substrate size capacity of flat panel 
display manufacturing machines to be used to do subsequent deposition, 
photolithography, etching and laser crystallization and annealing steps necessary to 
form a thin film integrated circuit; 

using flat panel display manufacturing machines to do the insulation, metal 
and semiconductor deposition steps, and the photolighography, etching and pulsed 
laser crystallization and anneali^ig steps necessary to form an integrated circuit of a 
desired functionality on said second substrate so as to RF Input/output terminals, all 
said processing steps performed at temperatures or in a manner which will not 
exceed the glass transition temperature of said second substrate and using chemicals 
which will not chemically attick or otherwise damage said second substrate; 

dicing said second substrate up into many integrated circuits and bonding or 
othenA^ise attaching each functional integrated circuit to one of said individual plastic 
substrates cut from saidyfirst substrate; and 

wire bonding wires to connect said RF input/output terminals of said 
integrated circuit to said one or more terminals of said antenna on said individual 
first substrate. 




\6. A process of making a large number of integrated EEPROM cells on a large 
substrate comprising: / 

selecting a /plastic or plastic laminated to glass substrate having a large size 
which is compatible with the substrate size capacity of flat panel display 
manufacturing machines to be used to do the subsequent deposition, photolithography, 
etching and lase/ crystallization and annealing steps necessary to form said EEPROM 
cells thereon; / 

depositing a layer of insulating material which has a thickness and Young's 
Modulus which/are selected in light of the thickness and Young's Modulus of said 
substrate so as to reduce differential strain at anticipated operating temperatures so 
as to eliminatte or reduce reliability problems using processing steps performed at 
temperatures or in a manner which will not exceed the glass transition temperature 
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13 of said plastic substrate and using chemicals which will not chemically attack or 

1 4 otherwise damage said plastic substrate; 

1 5 using flat panel display manufacturing machines to do the insulation, metal 

1 6 and semiconductor deposition steps, and the photolighography, etching and pulsed 

1 7 laser crystallization and annealing ^eps necessary to form a plurality of EEPROM 

1 8 memory cells directly on said plastic substrate, all said processing steps performed 

1 9 at temperatures or In a manner wnlch will not exceed the glass transition 

2 0 temperature of said plastic substrate and using chemicals which will not chemically 
2 1 attack or otherwise damage said /plastic substrate. 

2 7. >\ process for manufacturing an ^integrated circuit including MOS transistors and 

3 EEPROM cells on a substrate comprising: 

1=^ 4 selecting a plastic or plastic laminated to glass substrate having a large size 

p 5 which is compatible with the /substrate size capacity of flat panel display 



p 6 manufacturing machines to bje used to do the subsequent deposition, photolithography, 

7 etching and laser crystallization and annealing steps necessary to form said 



S 8 integrated circuit thereon;/ 



\ 



I . n 

g g using flat panel display yipanufacturing machines to perform the following 

r 1 0 steps: 

1^ 1 1 depositing a layer of insulating material which has a thickness and 

ry 1 2 Young's Modulus which are selected In light of the thickness and Young's 

1^ 1 3 Modulus of said substrate so as to reduce differential strain at anticipated 

1 4 operating temperatures so as to eliminate or reduce reliability problems 

1 5 using processing steps performed at temperatures or in a manner which will 

1 6 not exceed tj^ie glass transition temperature of said substrate and using 

1 7 chemicals which will not chemically attack or otherwise damage said 

18 substrate;/ 

1 9 depositing a layer of amorphous silicon which is between 10 and 

20 5000 nanometers thick by sputtering or by plasma enhanced chemical vapor 

2 1 deposition hereafter referred to as PECVD using processing steps performed 

2 2 at temperatures or In a manner which will not exceed the glass transition 
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temperature of said substrate and using cljemicals and/or gases which will 
not chemically attack or othenA^ise damage said substrate; 

if higher mobilities or higher ON /currents or lower threshold 
voltages for MOS transistors are needed /for the transistors to be formed in 
said silcon layer than can be achieved in amorphous silicon, crystallizing said 
silicon layer to polycrystalline or microcrystalline form by pulse annealing 
the silcon layer with an excimer laser having a 308 nm wavelength using 
pulse durations of 30 nanoseconds or less full width at half maximum and 
energy density between 30-600 mJ/cip^ per pulse using one or more pulses; 

masking off areas of said integrated circuit where EEPROM cells, if 
any, are to be formed, and depositing a layer of gate insulator by PECVD at 
a temperature below the glass transjstion temperature of said substrate, said 
layer having a thickness suitable ijr thin film metal-oxide-semiconductor 
transistor device operation, typicaHy between 20-500 nanometers thick; 

masking off areas where MOS transistors are being formed to expose 
areas where EEPROM mem^ cells are to be formed and depositing one or 
more layers of gate insula|or|to form an insulation layer that is to lie below 
the floating gate, the thickrleysi and materials selected for said one or more 

such as to achieve Fowler-Noordheim 
tunnelling to the floating gate from a channel region at whatever 
programming voltage can be achieved on said integrated circuit, said 
deposition being accomplished^by PECVD at a temperature below the glass 
transition temperature of said substrate; 

depositing a layer of/gate conductor, typically metal or silicides by 
physical vapor deposition (nereafter PVD), chemical vapor deposition 
(hereafter CVD), PECVD,/evaporation or sputtering or some other suitable 
process to form a control/gate at the MOS transistor locations and a floating 
gate at the EEPROM cell locations, said deposition being accomplished at a 
temperature below the^ glass transition temperature of said substrate; 

masking off lojcations where MOS transistors are being formed to leave 
exposed only locations where EEPROM cells are being formed, and depositing a 



layers of gate insulator being 
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5 4 layer of intergate insulator from wliich will be formed the insulation layer 

5 5 between the floating gate and the cc^ntrol gate of each EEPROM cell, said 

5 6 deposition being accomplished by PECVD or some other process which will 

5 7 form an insulator of high enough ^quality to prevent charge leakage from said 

5 8 floating gate and at a temperature below the glass transition temperature of 

5 9 said substrate; j 

6 0 masking off locations v^here MOS transistors are being formed to leave 
6 1 exposed only locations where^EEPROM cells are being formed, and depositing a 
6 2 layer of metal or sllicide froyi which the control gate of all EEPROM cells is 

6 3 to be formed, said deposition being by PVD, CVD, PECVD, evaporation or 

6 4 sputtering or some other ^ultable process and accomplished at a temperature 

6 5 below the glass transition temperature of said substrate; 

^ 6 6 performing the necessary photolithographic etching to define the gate 

Q 67 islands at both said M03 transistor and EEPROM cell locations, said 

^68 photolithographic etching being accomplished at temperatures below the glass 

^69 transition temperature ofy^id substrate and using chemicals and/or gases 

l,\7 0 which will not attach^ or otilerwise damage said substrate; 
^ / 1/ 1 

f 71 doping the sdurce^rhd drain regions of all said MOS transistors and 

y,7 2 EEPROM cells using the Gas Immersion Laser Doping process or any other 

7 3 suitable doping process which can dope said source and drain regions to 



p 7 4 suitable conductivity and which crystallizes said amorphous silicon by pulsed 

H 7 5 laser annealing and which can be accomplished at a temperature below the 

7 6 glass transition /temperature of said substrate and using chemicals and/or 

7 7 gases which wjll not attack or othenA^ise damage said substrate; 
7 8 photolithographically etching to define the lateral extents of each thin 

7 9 film transistor jisland at each MOS transistor and EEPROM cell, said 

8 0 photolithographic etching being accomplished at temperatures below the glass 
8 1 transition temperature of said substrate and using chemicals and/or gases 

8 2 which will not attach or othenvise damage said substrate; 

8 3 depositing an insulation layer over all MOS transistors and EEPROM 

8 4 cells and etching vias therethrough for source, drain and control gate contacts 



/ 
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at all MOS transistor and E EPROM cell locations, said deposition being 
accomplished at temperatures below the glass transition temperature of said 
substrate and using chemicals and/or gases which will not attack or 
othenA/ise damage said sut strate; 

depositing a layer pf contact metallization conductor to fill said via 
holes and cover each MOSf transistors and EEPROM cell location and the spaces 
therebetween, and photo! ithographically etching the conductor layer to form a 
contact metallization to connect all the MOS transistors and EEPROM cells 
together to form the desired integrated circuit functionality. 

8. The process of claim 7 wherein said integrated circuit is an RFID tag transceiver, 
a smart card or a toy controller and furt ier comprising the steps of etching said contact 
metallization conductor layer appropriately to form RF input/output terminals, and further 
comprising the step of printing or photclithographically forming a conductive antenna on 
said substrate so as to make ele^ica! contact with said RF input/output terminals. 



\ 



an integrated circuit including MOS transistors and 



9\^A process for manufacturing 
ROM cells on a substrate comprising: 

selecting a plastic or plastic laminated to glass substrate having a large size 
which is compatible with the substrate size capacity of flat panel display 
manufacturing machines to be used to do the subsequent deposition, photolithography, 
etching and laser crystallization and annealing steps necessary to form said 



integrated circuit thereon; 

using flat panel display 



steps: 



manufacturing machines to perform the following 



depositing a layer of insulating material which has a thickness and 



Young's Modulus which 



are selected in light of the thickness and Young's 



Modulus of said substrate so as to reduce differential strain at anticipated 



operating temperatures 
using processing steps 



so as to eliminate or reduce reliability problems 
performed at temperatures or in a manner which will 



not exceed the glass transition temperature of said substrate and using 
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chemicals which will not chemically ajtack or otherwise damage said 
substrate; 

depositing a layer of amorphous silicon which is between 10 and 500 
nanometers thick by sputtering or b'j plasma enhanced chemical vapor 
deposition hereafter referred to as F|ECVD using processing steps performed 
at temperatures or in a manner which will not exceed the glass transition 
temperature of said substrate and /using chemicals and/or gases which will 
not chemically attack or othenvise' damage said substrate; 

if higher mobilities or hiaher ON currents or lower threshold 
voltages for MOS transistors are needed for the transistors to be formed in 
said silcon layer than can be achieved in amorphous silicon, crystallizing said 
silicon layer to polycrystalline or microcrystalline form by pulse annealing 
the silcon layer with an excimer laser having a 308 nm wavelength using 
pulse durations of 30 nanoseconds or less full width at half maximum and 
energy density between 30-600 mJ/cm^ per pulse using one or more pulses; 

masking off areas ol said integrated circuit where ROM cells, if any, 
are to be formed, and depositing a layer of gate insulator by PECVD at a 

temperature below the g(J/s)transistion temperature of said substrate, said 

/ ^\ 

layer having a thickness suitable for thin film metal-oxide-semiconductor 
transistor device operation, typically between 20-500 nanometers thick; 

masking off areas where MOS transistors are being formed to expose 
areas where ROM memory cells are to be formed and depositing one or more 
layers of gate insulator to form an insulation layer that is to lie below the 
floating gate, the tl(ickness and materials selected for said one or more layers 
of gate insulator being such as to achieve Fowler-Noordheim tunnelling to the 
floating gate from a channel region at whatever programming voltage can be 
achieved on said integrated circuit, said deposition being accomplished by 
PECVD at a temperature below the glass transition temperature of said 
substrate; / 

depQSiting a layer of gate conductor, typically metal or silicides by 
physical va[por deposition (hereafter PVD), chemical vapor deposition 
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4 7 (hereafter CVD), PECVD, evaporation or sputtering or some other suitable 

4 8 process to form a control gate at the MOS transistor locations and a floating 

4 9 gate at the ROM cell locations, said deposition being accomplished at a 

5 0 temperature below the glass jransition temperature of said substrate; 

5 1 masking off locations where MOS transistors are being formed to leave 

5 2 exposed only locations where/ROM cells are being formed, and depositing a 

5 3 layer of intergate insulator Fom which will be formed the insulation layer 

5 4 between the floating gate and the control gate of each ROM cell, said deposition 

5 5 being accomplished by PECVD or some other process which will form an 

5 6 insulator of high enough quality to prevent charge leakage from said floating 

5 7 gate and at a temperature/below the glass transition temperature of said 

5 8 substrate; / 

^,5 9 masking off locations where MOS transistors are being formed to leave 

□ 60 exposed only locations where ROM cells are being formed, and depositing a 

p 6 1 layer of metal or silicide from which the control gate of all ROM cells is to be 

W 62 formed, said deposition/being by PVD, CVD, PECVD, evaporation or sputtering 

fft j 

ly 6 3 or some other suitable/proo^ and accomplished at a temperature below the 

f 6 4 glass transition temperatureflpf said substrate; 

L 6 5 performing the necessary photolithographic etching to define the gate 

iN^ 6 6 islands at both said l\^OS transistor and ROM cell locations, said 

6 7 photolithographic etching being accomplished at temperatures below the glass 
1^ 6 8 transition temperature of said substrate and using chemicals and/or gases 

6 9 which will not attach or otherwise damage said substrate; 

7 0 doping the- source and drain regions of all said MOS transistors and 
7 1 ROM cells using ihe Gas Immersion Laser Doping process or any other 

7 2 suitable doping process which can dope said source and drain regions to 

7 3 suitable conductivity and which crystallizes said amorphous silicon by pulsed 

7 4 laser annealing and which can be accomplished at a temperature below the 

7 5 glass transition temperature of said substrate and using chemicals and/or 

7 6 gases which will not attack or othenA^ise damage said substrate; 
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7 7 photolithographically etching to dejine the lateral extents of each thin 

7 8 film transistor island at each MOS transisjor and ROM cell, said 

7 9 photolithographic etching being accomplished at temperatures below the glass 

8 0 transition temperature of said substrate ^nd using chemicals and/or gases 
8 1 which will not attach or othenA^ise damage said substrate; 

8 2 depositing an insulation layer over all MOS transistors and ROM cells 

8 3 and etching vias therethrough for source, drain and control gate contacts at 

8 4 all MOS transistor and ROM cell locations, said deposition being accomplished 

8 5 at temperatures below the glass transition temperature of said substrate and 

8 6 using chemicals and/or gases which tlW not attack or othenA^ise damage said 

8 7 substrate; / 

8 8 depositing a layer of contact metallization conductor to fill said via 

L3. / 

^89 holes and cover each MOS transistors and ROM cell location and the spaces 

O / 

Q 90 therebetween, and photolithographically etching the conductor layer to form a 

^ 9 1 contact metallization to connect^all the MOS transistors and ROM cells 

ffl 9 2 together to form the desired integrated circuit functionality. 

5 \ f\ I 

^ 1 10^ process for manufacturing anyintegrated circuit with MOS and EEPROM cells 

2 formed over an antenna on a substrate comprising: 

3 selecting a plastic or plastic laminated to glass substrate having a large size 

HI / 

l«i 4 which is compatible with the substrate size capacity of flat panel display 

1=^ 5 manufacturing machines to be used to do the subsequent deposition, photolithography, 

6 etching and laser crystallization and annealing steps necessary to form said 

7 integrated circuit thereon; / 

8 using flat panel display manufacturing machines to perform the following 

9 steps: 

1 0 depositing A layer of insulating material which has a thickness and 

1 1 Young's Modulus yWhich are selected in light of the thickness and Young's 

1 2 Modulus of said /substrate so as to reduce differential strain at anticipated 

1 3 operating temperatures so as to eliminate or reduce reliability problems 

1 4 using proces^ng steps performed at temperatures or in a manner which will 
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1 5 not exceed the glass transition temperature offsaid substrate and using 

1 6 chemicals which will not chemically attack or jotherwise damage said 

1 7 substrate; 
1 8 

1 9 forming an antenna with one or more terminals on said layer of insulating 

2 0 material deposited in the previous step at a plurality of locations on said substrate 
2 1 by any prior art process such as silk screening oj deposition and photolithographic 
2 2 etching accomplished at temperatures below the glass transition temperature of said 
2 3 substrate and using chemicals and/or gases that/will not attack or othenvise damage 
2 4 said substrate; 
25 

2 6 using flat panel display manufacturing machines to perform the following steps: 
2 7 depositing a layer of pad contact conductor such as metal or silicides 



Q 2 8 by physical vapor deposition (hereafter PVD), chemical vapor deposition 

2 9 (hereafter CVD), PECVD, evaporati/n or sputtering or some other suitable 



/ 



^30 process and photolithographically etching to form lead line conductors from 
Cfi / 

3 1 each antenna terminal to the locations where RF input/output terminals of 

s 3 2 each corresponding integrated circuit will be formed, said deposition being 

L 3 3 accomplished at a temperature below the glass transition temperature of said 



3 4 substrate; 



of/ir 



3 5 depositing a layer of/ir^sulator over all MOS transistor and EEPROM 

3 6 cell locations and etching to /form vias through said insulation layer where 



3 7 source and drain contacts aje to be formed, said deposition being accomplished 

3 8 by PECVD or some other process which will form an insulator of high enough 

3 9 quality and at a temperature below the glass transition temperature of said 

4 0 substrate using chemicals and/or gases which will not attack or otherwise 
4 1 damage said substrate^ 

4 2 depositing a layer of contact metallization conductor such as metal or 

4 3 silicides by physical vapor deposition (hereafter PVD), chemical vapor 

4 4 deposition (hereafter CVD), PECVD, evaporation or sputtering or some other 

4 5 suitable process and photolithographically etching to form lead line 
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4 6 conductors to make all necessary source and drain connections from each MOS 

4 7 transistor or EEPROM cell to other device^s needed to establish at least part of 

4 8 the connections needed for the functionality of the integrated circuit being 

4 9 formed, said deposition being accomplished at a temperature below the glass 

5 0 transition temperature of said substrate; 

5 1 depositing a layer of amorphous silicon which is between 10 and 

5 2 5000 nanometers thick by sputtering ojf by plasma enhanced chemical vapor 

5 3 deposition hereafter referred to as PECVD using processing steps performed 

5 4 at temperatures or in a manner whic|» will not exceed the glass transition 

5 5 temperature of said substrate and using chemicals and/or gases which will 

5 6 not chemically attack or othenwise damage said substrate; 
5 7 if higher mobilities or higher ON currents or lower threshold 

^^5 8 voltages for MOS transistors are needed for the transistors to be formed in 

Q 5 9 said silcon layer than can be achieved in amorphous silicon, crystallizing said 

[7 6 0 silicon layer to polycrystalline or/ microcrystalline form by pulse annealing 



Wei the silcon layer with an excimer laser having a 308 nm wavelength using 



6 2 pulse durations of 30 panoseconis or less full width at half maximum and 

^ 63 energy density betweiri 30-600^mJ/cm2 per pulse using one or more pulses; 
1^ 6 4 masking off areaa of said integrated circuit where EEPROM cells, if 

^65 any, are to be formed, ijd depositing a layer of gate insulator by PECVD at a 

j5 6 6 temperature below the glass transistion temperature of said substrate, said 

^ 67 layer having a thickness suitable for thin film metal-oxide-semiconductor 

6 8 transistor device operation,/ typically between 20-500 nanometers thick; 

6 9 masking off areas vyhere MOS transistors are being formed to expose 

7 0 areas where EEPROM memory cells are to be formed and depositing one or 

7 1 more layers of gate insulator to form an insulation layer that is to lie below 

7 2 the floating gate, the tbfickness and materials selected for said one or more 

7 3 layers of gate insulator being such as to achieve Fowler-Noordheim 

7 4 tunnelling to the fteating gate from a channel region at whatever 

7 5 programming voltage can be achieved on said integrated circuit, said 
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deposition being accomplished by PECVD at a temperature below the glass 

transition temperature of said substrate; 

depositing a layer of gate conductor, typically metal or silicides by 

physical vapor deposition (hereafter PVD), chemical vapor deposition 

/ 

(hereafter CVD), PECVD, evaporation or sputtering or some other suitable 

process to form a control gate at the MOS transistor locations and a floating 

/ 

gate at the EEPROM cell locations, said deposition being accomplished at a 
temperature below the glass transition temperature of said substrate; 

masking off locations where MOS transistors are being formed to leave 
exposed only locations where EEPROM cells are being formed, and depositing a 



layer of intergate insulator from whichywill be formed the insulation layer 
between the floating gate and the control gate of each EEPROM cell, said 
deposition being accomplished by PEGVD or some other process which will 
form an insulator of high enough quality to prevent charge leakage from said 
floating gate and at a temperature below the glass transition temperature of 
said substrate; 

masking off locations whefe MOS transistors are being formed to leave 
exposed only locations where EJPROM ceils are being formed, and depositing a 
layer of metal or silicide from which the control gate of all EEPROM cells is 
to be formed, said deposition t^e ng by PVD, CVD, PECVD, evaporation or 
sputtering or some other suitab e process and accomplished at a temperature 



below the glass transition^tem) ^l^ature of said substrate; 



performing the necessary photolithographic etching to define the gate 

/ J 

islands at both said MOS' transistor and EEPROM cell locations, said 
photolithographic etching being accomplished at temperatures below the glass 
transition temperature/of said substrate and using chemicals and/or gases 
which will not attach/or othenwise damage said substrate; 

doping the source and drain regions of all said MOS transistors and 
EEPROM cells using the Gas Immersion Laser Doping process or any other 
suitable doping process which can dope said source and drain regions to 
suitable condirctivity and which crystallizes said amorphous silicon by pulsed 
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1 07 laser annealing and which can be accomplished at a temperature below the 

1 08 glass transition temperature of said su)Dstrate and using chemicals and/or 

I 0 9 gases which will not attack or otherwise damage said substrate; 

I I 0 photolithographically etching to define the lateral extents of each thin 
1 1 1 film transistor island at each MOS ^ransistor and EEPROM cell, said 

1 1 2 photolithographic etching being accomplished at temperatures below the glass 

1 1 3 transition temperature of said substrate and using chemicals and/or gases 

1 1 4 which will not attach or otherwise damage said substrate; 

1 1 5 depositing an insulation/layer over all MOS transistors and EEPROM 

1 1 6 cells and etching vias therethrough for control gate contacts at all MOS 

1 1 7 transistor and EEPROM cell /locations, said deposition being accomplished at 

/ 

1 1 8 temperatures below the glass transition temperature of said substrate and 

^1 1 g using chemicals and/or gases which will not attack or otherwise damage said 

/ 

O120 substrate; / 

Hi 2 1 depositing a la^er of contact metallization conductor to fill said via 

^ / 

Kl 2 2 holes and cover each/MOS transistors and EEPROM cell location and the spaces 

Oi f A 

r.i1 23 therebetween, andyphotowthographically etching the conductor layer to form a 

/ 

s 1 24 contact metallization to ccEnnect all the control gates of all MOS transistors 

M / V/A 

Ll 25 and EEPROM cells to otner nodes in the circuit to form the rest of the 

Ni26 connections necessary to form a desired integrated circuit functionality. 

ssti f 

o \ / 

M 1 A process for j^anufacturing an integrated circuit with MOS and ROM cells 

2 formed over an antenna on a substrate comprising: 

3 selectingya plastic or plastic laminated to glass substrate having a large size 

4 which is compatible with the substrate size capacity of flat panel display 

5 manufacturingy(nachines to be used to do the subsequent deposition, photolithography, 

6 etching and laser crystallization and annealing steps necessary to form said 

7 integrated circuit thereon; 

8 using flat panel display manufacturing machines to perform the following 

9 steps: / 
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1 0 depositing a layer of insulating material which has a thickness and 

1 1 Young's Modulus which are selected in light of the thickness and Young's 

1 2 Modulus of said substrate so as to reduce differential strain at anticipated 

1 3 operating temperatures so as to eliminate/ or reduce reliability problems 

1 4 using processing steps performed at temperatures or in a manner which will 

1 5 not exceed the glass transition temperature of said substrate and using 

1 6 chemicals which will not chemically attack or othenrt^ise damage said 

1 7 substrate; 
1 8 

1 g forming an antenna with one or more ierminals on said layer of insulating 

2 0 material deposited in the previous step at a plurality of locations on said substrate 
2 1 by any prior art process such as silk screening or deposition and photolithographic 
2 2 etching accomplished at temperatures below the glass transition temperature of said 

Q 2 3 substrate and using chemicals and/or gases' that will not attack or othenA/ise damage 

s = 2 4 said substrate; 

gs== 

W 25 

m 

y 2 6 using flat panel display manufacturing machines to perform the following steps 
^ 2 7 depositing a layer of pad contact conductor such as metal or silicides 

L 28 by physical vapor deposition (hereafter PVD), chemical vapor deposition 

2 9 (hereafter CVD), PECVD, evaporation or sputtering or some other suitable 

Hi / 

3 0 process and photolithographically etching to form lead line conductors from 
3 1 each antenna terminal to the locations where RF input/output terminals of 
3 2 each corresponding integrate^d circuit will be formed, said deposition being 

3 3 accomplished at a temperature below the glass transition temperature of said 

3 4 substrate; 

3 5 depositing a layer of insulator over all MOS transistor and ROM cell 

3 6 locations and etching to form vias through said insulation layer where source 

3 7 and drain contacts are tolbe formed, said deposition being accomplished by 

3 8 PECVD or some other process which will form an insulator of high enough 

3 9 quality and at a temperature below the glass transition temperature of said 
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substrate using chemicals and/or ga^s which will not attack or otherwise 
damage said substrate; 

depositing a layer of contact Imetallization conductor such as metal or 
silicides by physical vapor deposition (hereafter PVD), chemical vapor 
deposition (hereafter CVD), PECVD, evaporation or sputtering or some other 
suitable process and photolithographically etching to form lead line 
conductors to make all necessary source and drain connections from each MOS 
transistor or ROM cell to other devices needed to establish at least part of the 
connections needed for the functionality of the integrated circuit being 
formed, said deposition being acc )mplished at a temperature below the glass 
transition temperature of said substrate; 

depositing a layer of amorphous silicon which is between 10 and 
5000 nanometers thick by sputte ing or by plasma enhanced chemical vapor 
deposition hereafter referred to ar, PECVD using processing steps performed 
at temperatures or in a manner \lhich will not exceed the glass transition 
temperature of said substrate and using chemicals and/or gases which will 
not chemically attack or.otherwise damage said substrate; 

if higher mobilitiofe or higher ON currents or lower threshold 
voltages for MOS transispU ar^e needed for the transistors to be formed in 
said silcon layer than can bje achieved in amorphous silicon, crystallizing said 
silicon layer to polycrystalline or microcrystalline form by pulse annealing 
the silcon layer with an excimCr laser having a 308 nm wavelength using 
pulse durations of 30 nanoseconds or less full width at half meiximum and 
energy density between 30-600 mJ/cm^ per pulse using one or more pulses; 

masking off areas of/said integrated circuit where ROM cells, if any, 
are to be formed, and depositing a layer of gate insulator by PECVD at a 
temperature below the gla^ transistion temperature of said substrate, said 
layer having a thickness suitable for thin film metal-oxide-semiconductor 
transistor device operation, typically between 20-500 nanometers thick; 

masking off areas where MOS transistors are being formed to expose 
areas where ROM memory cells are to be fomied and depositing one or more 
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7 1 layers of gate insulator to form an insuljation layer that is to lie below the 

7 2 floating gate, the thickness and materials selected for said one or more layers 

7 3 of gate insulator being such as to ach/eve Fowler-Noordheim tunnelling to the 

7 4 floating gate from a channel region ay whatever programming voltage can be 

7 5 achieved on said integrated circuit, said deposition being accomplished by 

7 6 PECVD at a temperature below the/glass transition temperature of said 

7 7 substrate; 

7 8 depositing a layer of gate/conductor, typically metal or silicides by 

7 9 physical vapor deposition (hereafter PVD), chemical vapor deposition 

8 0 (hereafter CVD), PECVD, evaporation or sputtering or some other suitable 
8 1 process to form a control gate at the MOS transistor locations and a floating 
8 2 gate at the ROM cell locations,/said deposition being accomplished at a 

^83 temperature below the glass /transition temperature of said substrate; 

□ 84 masking off locations/where MOS transistors are being formed to leave 

8 5 exposed only locations where ROM cells are being formed, and depositing a 

^ / 

8 6 layer of intergate insulator from which will be formed the insulation layer 

F; 8 7 between the floating gate add the control gate of each ROM cell, said deposition 

yj / 

E 8 8 being accomplished by PECmD or some other process which will form an 

^89 insulator of high enoughl q^^m\^j6 prevent charge leakage from said floating 

y^9 0 gate and at a temperature below the glass transition temperature of said 

ni / ' 

^5 9 1 substrate; / 

9 2 masking off locations where MOS transistors are being formed to leave 
9 3 exposed only locations where ROM cells are being formed, and depositing a 

9 4 layer of metal or silicide from which the control gate of all ROM cells is to be 

9 5 formed, said deposition being by PVD, CVD, PECVD, evaporation or sputtering 

9 6 or some other suitaole process and accomplished at a temperature below the 

9 7 glass transition temperature of said substrate; 

9 8 performing the necessary photolithographic etching to define the gate 

9 9 islands at both said MOS transistor and ROM cell locations, said 

100 photolithographic etching being accomplished at temperatures below the glass 
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1 0 1 transition temperature of said substrate and using chemicals and/or gases 

1 0 2 which will not attach or otherwise ^damage said substrate; 

1 0 3 doping the source and drain regions of all said MOS transistors and 

I 

1 0 4 ROM cells using the Gas Immersion Laser Doping process or any other 

I 0 5 suitable doping process which can dope said source and drain regions to 

106 suitable conductivity and which/crystallizes said amorphous silicon by pulsed 

/ 

107 laser annealing and which can be accomplished at a temperature below the 

/ 

108 glass transition temperature of said substrate and using chemicals and/or 

f 

109 gases which will not attack or otherwise damage said substrate; 

I I 0 photolithographlcally /etching to define the lateral extents of each thin 

/ 

1 1 1 film transistor island at each MOS transistor and ROM cell, said 

/ 

1 1 2 photolithographic etching being accomplished at temperatures below the glass 

f-zA I 

t^l 1 3 transition temperature of ^aid substrate and using chemicals and/or gases 

01 1 4 which will not attach or o^therwise damage said substrate; 
L1 1 5 depositing an insulation layer over all MOS transistors and ROM cells 

m 1 6 and etching vias therethroiSgh for control gate contacts at all MOS transistor 

P /Ik 

7" J 1 7 and ROM cell locations, saig^eposition being accomplished at temperatures 

is 1 1 8 below the glass transition temperature of said substrate and using chemicals 

fTl 1 9 and/or gases which will not attack or otherwise damage said substrate; 



fr=^1 2 0 depositing ajlayer of contact metallization conductor to fill said via 

ift 2 1 holes and cover each MOS transistors and ROM cell location and the spaces 

H 22 therebetween, and'^photolithographically etching the conductor layer to form a 

1 2 3 contact metallizati()n to connect all the control gates of all MOS transistors 

1 24 and ROM cells together nodes in the circuit to form the rest of the connections 

125 necessary to form a desired integrated circuit functionality. 

/ 

1 92 12>sA process of making a large number of integrated EEPROM or ROM or static RAM 

193 cells on a large substrate comprising: 

1 94 selecting ayglass substrate having a large size which is compatible with the 

195 substrate size capacity of flat panel display manufacturing machines to be used to do 
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196 the subsequent deposition, photolithography /etching and laser crystallization and 

1 97 annealing steps necessary to form said EEPfflOM or ROM or static RAM cells thereon; 
1 98 using flat panel display manufacturing machines to do the insulation, metal 

1 99 and semiconductor deposition steps, and thp photolighography, etching and pulsed 

200 laser crystallization and annealing steps rfecessary to form a plurality of EEPROM or 

201 ROM or static RAM memory cells directly on said glass substrate, all said processing 

202 steps performed at temperatures or in a manner which will not exceed the glass 

203 transition temperature of said substrate /and using chemicals which will not 

204 chemically attack or otherwise damage said substrate. 

1 ^^^^1^ A process for manufacturing an integrated circuit including MOS transistors and 

2 EEPROM cells on a substrate comprising: / 

3 selecting a glass substrate having a large size which is compatible with the 
Z 4 substrate size capacity of flat panel display manufacturing machines to be used to do 
O 5 the subsequent deposition, photolithography, etching and laser crystallization and 
^ 6 annealing steps necessary to form said integrated circuit thereon; 

K 7 using flat panel display manufacturing machines to perform the following 

hi 8 steps: a I 

is 9 depositing a layeif. of /insulating material using processing steps 

^ 1 0 performed at temperaturfefeAor in a manner which will not exceed the glass 

M 1 1 transition temperature of said substrate and using chemicals which will not 

m I 

1^^ 1 2 chemically attack or otherwise damage said substrate; 

M 1 3 depositing a layer of amorphous silicon which is between 10 and 

1 4 5000 nanometers thick byl sputtering or by plasma enhanced chemical vapor 

1 5 deposition hereafter referred to as PECVD using processing steps performed 

1 6 at temperatures or in a mlinner which will not exceed the glass transition 

1 7 temperature of said substrate and using chemicals and/or gases which will 

1 8 not chemically attack or othen/vise damage said substrate; 

1 9 if higher mobilities or higher ON currents or lower threshold 

2 0 voltages for MOS transistors are needed for the transistors to be formed in 

2 1 said silcon layer than can be achieved in amorphous silicon, crystallizing said 
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silicon layer to polycrystalline or rjnicrocrystalline form by pulse annealing 
the silcon layer with an excimer laser having a 308 nm wavelength using 
pulse durations of 30 nanoseconds or less full width at half maximum and 



energy density between 30-600 m. 



. /cm^ per pulse using one or more pulses; 
masking off areas of said integrated circuit where EEPROM cells, if 
any, are to be formed, and depositing a layer of gate insulator by PECVD at 
a temperature below the glass trans istion temperature of said substrate, said 
layer having a thickness suitable fsr thin film metal-oxide-semiconductor 
transistor device operation, typical y between 20-500 nanometers thick; 

masking off areas where MO 5 transistors are being formed to expose 
areas where EEPROM memory cells are to be formed and depositing one or 
more layers of gate insulator to form an insulation layer that is to lie below 
the floating gate, the thickness and materials selected for said one or more 
layers of gate insulator being such cis to achieve Fowler-Noordheim 
tunnelling to the floating g^te from s channel region at whatever 
programming voltage can |be, achieved on said integrated circuit, said 
deposition being accomplished fby PECVD at a temperature below the glass 
transition temperature of ^da substrate; 

depositing a layer of gate cbnductor, typically metal or silicides by 

i 

physical vapor deposition (hereafter PVD), chemical vapor deposition 
(hereafter CVD), PECVD, evaporation or sputtering or some other suitable 
process to form a control gate at the MOS transistor locations and a floating 
gate at the EEPROM cell locations, said deposition being accomplished at a 
temperature below the glass transition temperature of said substrate; 

masking off locations where MOS transistors are being formed to leave 
exposed only locations where EEPROM cells are being formed, and depositing a 
layer of intergate insulator from which will be formed the insulation layer 
between the floating gate and the control gate of each EEPROM cell, said 
deposition being accomplished by PECVD or some other process which will 
form an insulator of high enough quality to prevent charge leakage from said 
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floating gate and at a temperature below the glass transition temperature of 
said substrate; 

masking off locations where MOS transistors are being formed to leave 
exposed only locations where E EPROM cells are being formed, and depositing a 
layer of metal or silicide from which the control gate of all EEPROM cells is 
to be formed, said deposition being by PVD, CVD, PECVD, evaporation or 
sputtering or some other suitaple process and accomplished at a temperature 
below the glass transition temperature of said substrate; 

performing the necess ary photolithographic etching to define the gate 
islands at both said MOS tran sistor and EEPROM cell locations, said 
photolithographic etching beii ig accomplished at temperatures below the glass 
transition temperature of sale substrate and using chemicals and/or gases 
which will not attach or otheiwise damage said substrate; 

doping the source anc drain regions of all said MOS transistors and 
EEPROM cells using the Gas Immersion Laser Doping process or any other 



can dope said source and drain regions to 



suitable doping procesiTvihic 

suitable conductivity and ^wh ch crystallizes said amorphous silicon by pulsed 
laser annealing and wiVbh can be accomplished at a temperature below the 
glass transition temperature of said substrate and using chemicals and/or 
gases which will not attack>or othenvise damage said substrate; 

photolithographicallyretching to define the lateral extents of each thin 
film transistor island at each MOS transistor and EEPROM cell, said 
photolithographic etching bdng accomplished at temperatures below the glass 
transition temperature of said substrate and using chemicals and/or gases 
which will not attach or otherwise damage said substrate; 

depositing an insulation layer over all MOS transistors and EEPROM 
cells and etching vias therethrough for source, drain and control gate contacts 
at all MOS transistor and EEPROM cell locations, said deposition being 
accomplished at temperatures below the glass transition temperature of said 
substrate and using chemicals and/or gases which will not attack or 
othenA/ise damage said substrate; 
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8 3 depositing a layer of contact metallization conductor to fill said via 

8 4 holes and cover each MOS transistors and EEPROM cell location and the spaces 

8 5 therebetween, and photolithographically etching the conductor layer to form a 



8 6 contact metallization to connect all 



8 7 together to form the desired integrated circuit functionality. 
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the MOS transistors and EEPROM cells 



'"14^A process for manufacturing an integrated circuit including MOS transistors and 
ROM cells on a substrate comprising: 

selecting a glass substrate having a large size which is compatible with the 
substrate size capacity of flat panel display manufacturing machines to be used to do 
the subsequent deposition, photolithography, etching and laser crystallization and 
annealing steps necessary to form saidj integrated circuit thereon; 

using flat panel display manufacturing machines to perform the following 
steps: r\ I 

depositing a layerjof insulating material using processing steps 

\ I 

performed at temperatures or ifi a manner which will not exceed the glass 
transition temperature of said .substrate and using chemicals which will not 
chemically attack or otherwise damage said substrate; 

depositing a layer of amorphous silicon which is between 10 and 500 
nanometers thick by sputtering or by plasma enhanced chemical vapor 
deposition hereafter referred to as PECVD using processing steps performed 
at temperatures or in a manner which will not exceed the glass transition 
temperature of said substrate and using chemicals and/or gases which will 
not chemically attack or othenA^ise damage said substrate; 

if higher mobilities or higher ON currents or lower threshold 
voltages for MOS transistors are needed for the transistors to be formed in 
said silcon layer than can be achieved in amorphous silicon, crystallizing said 
silicon layer to polycrystajline or microcrystalline form by pulse annealing 

the silcon layer with an excimer laser having a 308 nm wavelength using 

j 

pulse durations of 30 nancjseconds or less full width at half maximum and 
energy density between 30-600 mJ/cm^ per pulse using one or more pulses; 
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masking off areas of said integrated circuit where ROM cells, if any, 
are to be formed, and depositing a layer/of gate insulator by PECVD at a 
temperature below the glass transistiom^temperature of said substrate, said 
layer having a thickness suitable for /thin film metal-oxide-semiconductor 
transistor device operation, typically /between 20-500 nanometers thick; 

masking off areas where M0» transistors are being formed to expose 
areas where ROM memory cells are to be formed and depositing one or more 
layers of gate insulator to form an insulation layer that is to lie below the 
floating gate, the thickness and materials selected for said one or more layers 
of gate insulator being such as to achieve Fowler-Noordheim tunnelling to the 
floating gate from a channel region at whatever programming voltage can be 
achieved on said integrated circuit, said deposition being accomplished by 
PECVD at a temperature below /he glass transition temperature of said 
substrate; 

depositing a layer of gme conductor, typically metal or silicides by 
physical vapor deposition (hereafter PVD), chemical vapor deposition 
(hereafter CVD), PECVD, ei^ ation or sputtering or some other suitable 
process to form a control gate at the MOS transistor locations and a floating 
gate at the ROM cell locations, said deposition being accomplished at a 
temperature below the alass transition temperature of said substrate; 

masking off locations where MOS transistors are being formed to leave 
exposed only locations' where ROM cells are being formed, and depositing a 
layer of intergate insulator from which will be formed the insulation layer 
between the floating gate and the control gate of each ROM cell, said deposition 
being accomplished by PECVD or some other process which will form an 
insulator of highjfenough quality to prevent charge leakage from said floating 
gate and at a temperature below the glass transition temperature of said 
substrate; / 

masking off locations where MOS transistors are being formed to leave 
exposed oruy locations where ROM cells are being formed, and depositing a 
layer of metal or silicide from which the control gate of all ROM cells is to be 
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5 7 formed, said deposition being by/PVD, CVD, PECVD. evaporation or sputtering 

5 8 or some other suitable process and accomplished at a temperature below the 

5 9 glass transition temperature of/said substrate; 

6 0 performing the necessary photolithographic etching to define the gate 
6 1 islands at both said MOS transistor and ROM cell locations, said 

6 2 photolithographic etching beina accomplished at temperatures below the glass 

6 3 transition temperature of saia substrate and using chemicals and/or gases 

6 4 which will not attach or otherwise damage said substrate; 

6 5 doping the source amd drain regions of all said MOS transistors and 

6 6 ROM cells using the Gas Innmersion Laser Doping process or any other 

6 7 suitable doping process which can dope said source and drain regions to 

6 8 suitable conductivity and /which crystallizes said amorphous silicon by pulsed 

6 9 laser annealing and which can be accomplished at a temperature below the 

7 0 glass transition temperature of said substrate and using chemicals and/or 
7 1 gases which will not attack or othenvise damage said substrate; 

7 2 photolithograph'ically etching to define the lateral extents of each thin 

7 3 film transistor island at each MOS transistor and ROM cell, said 

7 4 photolithographic etching fping accomplished at temperatures below the glass 

7 5 transition temperature of/laid substrate and using chemicals and/or gases 

7 6 which will not attach or otherwise damage said substrate; 

7 7 depositing^n insulation layer over all MOS transistors and ROM cells 

7 8 and etching vias /therethrough for source, drain and control gate contacts at 

7 9 all MOS transistpr and ROM cell locations, said deposition being accomplished 

8 0 at temperatures below the glass transition temperature of said substrate and 
8 1 using chemicals and/or gases which will not attack or othenwise damage said 
8 2 substrate; / 

8 3 depositing a layer of contact metallization conductor to fill said via 

8 4 holes and cover each MOS transistors and ROM cell location and the spaces 

8 5 therebetween, and photolithographically etching the conductor layer to form a 

8 6 contact metallization to connect all the MOS transistors and ROM cells 

8 7 together to form the desired integrated circuit functionality. 
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1 Nl5. A process for manufacturing an inftegrated circuit with MOS and EEPROM cells 

2 formed over an antenna on a substrate comprising: 

3 selecting a glass substrate having a large size which is compatible with the 

4 substrate size capacity of flat panel/display manufacturing machines to be used to do 

5 the subsequent deposition, photolithography, etching and laser crystallization and 

6 annealing steps necessary to form said integrated circuit thereon; 

7 using flat panel display manufacturing machines to perform the following 

8 steps: / 

9 depositing a laver of insulating material using processing steps 

1 0 performed at temperat/ires or in a manner which will not exceed the glass 

1 1 transition temperature! of said substrate and using chemicals which will not 

1 2 chemically attack oriotherwise damage said substrate; 

1 3 / 

1 4 forming an antenna with one or more terminals on said layer of insulating 

1 5 material deposited in the/previous step at a plurality of locations on said substrate 

1 6 by any prior art process' such as silk screening or deposition and photolithographic 

1 7 etching accomplished at temperatures below the glass transition temperature of said 

1 8 substrate and using chemicals and/or gases that will not attack or othenwise damage 

1 9 said substrate; / J 

2 1 using flat panel display manufacturing machines to perform the following steps: 

2 2 depositing a layer of pad contact conductor such as metal or silicides 

2 3 by physical vapor deposition (hereafter PVD), chemical vapor deposition 

2 4 (hereafte( CVD), PECVD, evaporation or sputtering or some other suitable 

2 5 process/and photolithographically etching to form lead line conductors from 

2 6 each a/itenna terminal to the locations where RF input/output terminals of 

2 7 each corresponding integrated circuit will be formed, said deposition being 

2 8 accorpplished at a temperature below the glass transition temperature of said 

2 9 substrate; 
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3 0 depositing a layer of insulator over all MOS transistor and EEPROM 

3 1 cell locations and etching to form vias through said insulation layer where 

3 2 source and drain contacts are to be formed, said deposition being accomplished 

3 3 by PECVD or some other process which will form an insulator of high enough 

3 4 quality and at a temperature below the glass transition temperature of said 

3 5 substrate using chemicals and/or gases which will not attack or othenwise 

3 6 damage said substrate; | 

3 7 depositing a layer of contact metallization conductor such as metal or 

38 silicides by physical vapor deposition (hereafter PVD), chemical vapor 

3 9 deposition (hereafter CVD). FjECVD. evaporation or sputtering or some other 

4 0 suitable process and photolithographically etching to form lead line 

4 1 conductors to make all necessary source and drain connections from each MOS 

4 2 transistor or EEPROM cell to other devices needed to establish at least part of 
^43 the connections needed for ithe functionality of the integrated circuit being 

O 4 4 formed, said deposition being accomplished at a temperature below the glass 

L 45 transition temperature of said substrate; 

yd 4 6 depositing a layer of amorphous silicon which is between 10 and 

y 47 5000 nanometei^^ick by /sputtering or by plasma enhanced chemical vapor 

» 4 8 deposition hereafter referred to as PECVD using processing steps performed 

L 4 9 at temperatures W in a nianner which will not exceed the glass transition 

5 0 temperature of said substrate and using chemicals and/or gases which will 



m 



5 1 not chemically attack or otherwise damage said substrate; 

5 2 if higher mobilities or higher ON currents or lower threshold 



5 3 voltages for MOs' transistors are needed for the transistors to be formed in 

5 4 said silcon layer than ckn be achieved in amorphous silicon, crystallizing said 

5 5 silicon layer to polycristalline or microcrystalline form by pulse annealing 

5 6 the silcon layer with ap excimer laser having a 308 nm wavelength using 

5 7 pulse durations of 30 lianoseconds or less full width at half maximum and 

5 8 energy density between 30-600 mJ/cm^ per pulse using one or more pulses; 

5 9 masking off areas of said integrated circuit where EEPROM cells, if 

6 0 any, are to be formed, and depositing a layer of gate insulator by PECVD at a 
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6 1 temperature below the glass transistion temperature of said substrate, said 

6 2 layer having a thickness suitable for thin film metal-oxide-semiconductor 

6 3 transistor device operation, typically between 20-500 nanometers thick; 
6 4 masking off areas where MOS transistors are being formed to expose 

6 5 areas where EEPROM memory cells are to be formed and depositing one or 

6 6 more layers of gate Insulator to form an insulation layer that is to lie below 

6 7 the floating gate, the thickness and materials selected for said one or more 

6 8 layers of gate insulator being such as to achieve Fowler-Noordheim 

6 9 tunnelling to the floating JaXe from a channel region at whatever 

7 0 programming voltage carl be achieved on said integrated circuit, said 

7 1 deposition being accomplished by PECVD at a temperature below the glass 

7 2 transition temperature /of said substrate; 

7 3 depositing a layer of gate conductor, typically metal or silicides by 

7 4 physical vapor deposition (hereafter PVD), chemical vapor deposition 

7 5 (hereafter CVD), Pe/ivD. evaporation or sputtering or some other suitable 

7 6 process to fomi a control gate at the MOS transistor locations and a floating 

7 7 gate at the EEPROM/^II locations, said deposition being accomplished at a 

7 8 temperature below /h^ glass transition temperature of said substrate; 

7 9 masking off Locations where MOS transistors are being formed to leave 

8 0 exposed only locations where EEPROM cells are being formed, and depositing a 
8 1 layer of intergale insulator from which will be formed the insulation layer 

8 2 between the floating gate and the control gate of each EEPROM cell, said 

8 3 deposition being accomplished by PECVD or some other process which will 

8 4 form an insulator of high enough quality to prevent charge leakage from said 

8 5 floating gate ahd at a temperature below the glass transition temperature of 

8 6 said substrate; 

8 7 masking off locations where MOS transistors are being formed to leave 

8 8 exposed only /locations where EEPROM cells are being formed, and depositing a 

8 9 layer of metal or silicide from which the control gate of all EEPROM cells is 

9 0 to be formed said deposition being by PVD, CVD, PECVD, evaporation or 
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sputtering or some other suitable process and accomplished at a temperature 
below the glass transitionl temperature of said substrate; 

performing the necessary photolithographic etching to define the gate 
islands at both said MOS ransistor and EEPROM cell locations, said 
photolithographic etching Deing accomplished at temperatures below the glass 
transition temperature of jaid substrate and using chemicals and/or gases 
which will not attach or olhenA^ise damage said substrate; 

doping the source and drain regions of all said MOS transistors and 
EEPROM cells using the Gas Immersion Laser Doping process or any other 
suitable doping process vfhich can dope said source and drain regions to 
suitable conductivity anc which crystallizes said amorphous silicon by pulsed 
laser annealing and whici can be accomplished at a temperature below the 
glass transition tempera ure of said substrate and using chemicals and/or 
gases which will not attack or otherwise damage said substrate; 

photolithographiJally etching to define the lateral extents of each thin 
film transistor island at eaqti MOS transistor and EEPROM cell, said 

^ng accomplished at temperatures below the glass 
d substrate and using chemicals and/or gases 
which will not attach or Otherwise damage said substrate; 

depositing an insLlation layer over all MOS transistors and EEPROM 
cells and etching vias therethrough for control gate contacts at all MOS 
transistor and EEPROM cell locations, said deposition being accomplished at 
temperatures below the glass transition temperature of said substrate and 
using chemicals and/or gases which will not attack or otherwise damage said 
substrate; I 

depositing a layer of contact metallization conductor to fill said via 
holes and cover each MOS transistors and EEPROM cell location and the spaces 
therebetween, and photolithographically etching the conductor layer to form a 
contact metallization to connect all the control gates of all MOS transistors 
and EEPROM cells to other nodes in the circuit to form the rest of the 
connections necessary to form a desired integrated circuit functionality. 



photolithographic etching 
transition temperature of 
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1 1^Na process for manufacturing an integrated circuit with MOS and ROM cells 

2 formed over an antenna on a substrate comppising: 

3 selecting a glass substrate having a large size which is compatible with the 

4 substrate size capacity of flat paneLaisplay manufacturing machines to be used to do 

5 the subsequent deposition, photoliihography, etching and laser crystallization and 

6 annealing steps necessary to form said integrated circuit thereon; 

7 using flat panel display rdanufacturing machines to perform the following 

8 steps: / 

9 depositing a layer of insulating material which has a thickness and 
1 0 Young's Modulus which are selected in light of the thickness and Young's 

1 1 Modulus of said substrate so as to reduce differential strain at anticipated 

1 2 operating temperatures so as to eliminate or reduce reliability problems 

p 1 3 using processing steps performed at temperatures or in a manner which will 

p 1 4 not exceed the glass transition temperature of said substrate and using 

L 1 5 chemicals which jwill not chemically attack or otherwise damage said 

^ 1 6 substrate; / 

5*51 I 

W 17 / f\ 

: 18 forming an antenna witl|i one or more terminals on said layer of insulating 

Li 1 9 material deposited in the previous step at a plurality of locations on said substrate 

^^2 0 by any prior art process such as silk screening or deposition and photolithographic 

I ^ / 

Q 2 1 etching accomplished at temperatures below the glass transition temperature of said 

2 2 substrate and using /chemicals and/or gases that will not attack or otherwise damage 
2 3 said substrate; / 

24 / 

2 5 using flat panel dpplay manufacturing machines to perform the following steps: 
2 6 depositing a layer of pad contact conductor such as metal or silicides 

2 7 by physical vapor deposition (hereafter PVD), chemical vapor deposition 

2 8 (hereafter CVD), PECVD, evaporation or sputtering or some other suitable 

2 9 process knd photolithographically etching to form lead line conductors from 

3 0 each antenna terminal to the locations where RF input/output terminals of 
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each corresponding integrated circuit will bf formed, said deposition being 
accomplished at a temperature below the glass transition temperature of said 
substrate; 

depositing a layer of insulator ovei^ all MOS transistor and ROM cell 
locations and etching to form vias through said insulation layer where source 
and drain contacts are to be formed, said deposition being accomplished by 
PECVD or some other process which will form an insulator of high enough 
quality and at a temperature below the glass transition temperature of said 
substrate using chemicals and/or gases which will not attack or othenwise 
damage said substrate; 

depositing a layer of contact metallization conductor such as metal or 
silicides by physical vapor deposition /(hereafter PVD), chemical vapor 
deposition (hereafter CVD), PECVD, evaporation or sputtering or some other 
suitable process and photolithographi(:ally etching to form lead line 

conductors to make ail necessary source and drain connections from each MOS 

j 

transistor or ROM cell to other devices needed to establish at least part of the 
connections needed for the functionality of the integrated circuit being 
formed, said deposition being aA)mplished at a temperature below the glass 
transition temperature of said |^ubstrate; 

depositing a layer of amorphous silicon which is between 10 and 
5000 nanometers thick by sputtering or by plasma enhanced chemical vapor 

deposition hereafter referred to as PECVD using processing steps performed 

I 

at temperatures or in a manner |Which will not exceed the glass transition 
temperature of said substrate and using chemicals and/or gases which will 
not chemically attack or otherv^se damage said substrate; 

if higher mobilities or higher ON currents or lower threshold 
voltages for MOS transistors are needed for the transistors to be formed in 
said silcon layer than can bel achieved in amorphous silicon, crystallizing said 
silicon layer to polycrystalline or microcrystalline form by pulse annealing 
the silcon layer with an excjmer laser having a 308 nm wavelength using 
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6 1 pulse durations of 30 nanoseconds or leas full width at half maximum and 

6 2 energy density between 30-600 mJ/crm per pulse using one or more pulses; 
6 3 masking off areas of said inteorated circuit where ROiVI cells, if any, 

6 4 are to be formed, and depositing a layer of gate insulator by PECVD at a 

6 5 temperature below the glass transistion temperature of said substrate, said 

6 6 layer having a thickness suitable /for thin film metal-oxide-semiconductor 

6 7 transistor device operation, typioally between 20-500 nanometers thick; 
6 8 masking off areas where MOS transistors are being formed to expose 

6 9 areas where ROM memory cells are to be formed and depositing one or more 

7 0 layers of gate insulator to forrry an insulation layer that is to lie below the 

7 1 floating gate, the thickness and materials selected for said one or more layers 

7 2 of gate insulator being such is to achieve Fowler-Noordheim tunnelling to the 

7 3 floating gate from a channel/ region at whatever programming voltage can be 

7 4 achieved on said integratea circuit, said deposition being accomplished by 

7 5 PECVD at a temperature i)elow the glass transition temperature of said 

7 6 substrate; / II 

7 7 depositing a layer of gate conductor, typically metal or silicides by 

78 physical vapor deposition (hereafter PVD), chemical vapor deposition 

7 9 (hereafter CVD), PECVD, evaporation or sputtering or some other suitable 

8 0 process to form a control gate at the MOS transistor locations and a floating 
8 1 gate at the ROM cell locations, said deposition being accomplished at a 

8 2 temperature below the glass transition temperature of said substrate; 
8 3 masking/off locations where MOS transistors are being formed to leave 

8 4 exposed only locations where ROM cells are being formed, and depositing a 

8 5 layer of intengate insulator from which will be formed the insulation layer 

8 6 between the'floating gate and the control gate of each ROM cell, said deposition 

8 7 being accomplished by PECVD or some other process which will form an 

8 8 insulator jof high enough quality to prevent charge leakage from said floating 

8 9 gate an/ at a temperature below the glass transition temperature of said 

9 0 substrate; 
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9 1 masking off locations where iVlOS transistors are being fomied to leave 

9 2 exposed only locations where ROM cells are being formed, and depositing a 

9 3 layer of metal or silicide from which the control gate of all ROM cells is to be 

9 4 formed, said deposition being by PVD, CVD, PECVD, evaporation or sputtering 

9 5 or some other suitable process and accomplished at a temperature below the 

9 6 glass transition temperature of said substrate; 

9 7 performing the necessary photolithpgraphic etching to define the gate 

9 8 islands at both said MOS transistor and ROM cell locations, said 

9 9 photolithographic etching being accomplished at temperatures below the glass 

1 0 0 transition temperature of said substrate and using chemicals and/or gases 

1 0 1 which will not attach or otherwise damage said substrate; 

1 02 doping the source and drain regions of all said MOS transistors and 

1 03 ROM cells using the Gas Immersion Laser Doping process or any other 

1 0 4 suitable doping process which can dope said source and drain regions to 

1 05 suitable conductivity and which crystallizes said amorphous silicon by pulsed 

106 laser annealing and which can be accomplished at a temperature below the 

1 07 glass transition temperature of said substrate and using chemicals and/or 

1 0 8 gases which will not attack/oKotherwise damage said substrate; 

I 0 9 photolithographically dfcying to define the lateral extents of each thin 

1 1 0 film transistor island at each M^S transistor and ROM cell, said 

I I 1 photolithographic etching being/ accomplished at temperatures below the glass 
1 1 2 transition temperature of said Substrate and using chemicals and/or gases 

1 1 3 which will not attach or otheryvise damage said substrate; 

1 1 4 depositing an insulatibn layer over all MOS transistors and ROM cells 

115 and etching vias therethrough for control gate contacts at all MOS transistor 

116 and ROM cell locations, sa/d deposition being accomplished at temperatures 

1 1 7 below the glass transition/temperature of said substrate and using chemicals 

1 1 8 and/or gases which will not attack or otherwise damage said substrate; 

1 1 9 depositing a layer of contact metallization conductor to fill said via 

1 2 0 holes and cover each MOS transistors and ROM cell location and the spaces 
121 therebetween, and photolithographically etching the conductor layer to form a 
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1 22 contact metallization to connect all the control gates of all MOS transistors 

1 2 3 and ROM to other nodes in the circuit to form the rest of the connections 

\fprm a desired integrated circuit functionality. 
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